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本论文利用 FVP 等方法，致力于小富勒烯的合成。 
一、在参考一些课题组 FVP 装置的基础上，自行组装了一套 FVP 装置。 
二、利用有机合成的方法，合成了小富勒烯 C24 的前驱体 C27H12O3，以
C27H12O3 为原料，进行 FVP 反应。产物的质谱信号显示，C27H12O3 逐个掉去 CO，
脱掉三个 CO 后，继续脱氢。符合 C27H12O3 生成小富勒烯 C24 的反应路线。 
三、利用有机合成的方法，合成了两个小富勒烯 D6h-C36的前驱体 C36H30和
C36H27Cl3。这两个前驱体含有小富勒烯 C36 的 36 个碳原子，54 个碳-碳键中的 45
个碳-碳键。 后 9 个碳-碳键的形成将使这两个前驱体转变成 D6h 对称的小富勒
烯 C36。以这两个前驱体为原料，进行 LDI-MS 和 MALDI-TOF-MS 表征，都得
到了小富勒烯 C36 的氢化衍生物 C36H6。 
四、利用有机合成的方法，合成了碗状化合物 C39H18 的前驱体 C39H24 和
C39H21Cl3, 以C39H21Cl3为原料，进行 FVP反应，质谱表征观察到目标产物C39H18，





































Since the discovery of the fullerenes, many structures of the fullerenes have been 
determined. Especially, through the exohedral modification by halogen atoms or the 
endohedral encapsulation of metal atoms, some non-classical fullerene cages with 
fused pentagons were caught and determined. Generally, most of the currently 
available fullerenes have 60 or more carbon atoms. Smaller fullerenes with less than 
60 carbon atoms are always unstable for the pentagons adjacence and the wherein 
large strain. A bright future in both fundamental research and practical application has 
been expected for the smaller fullerenes, because unusual properties have been 
predicted to result from the special structures of the small fullerenes. 
Traditional methods for the synthesis of fullerenes have some disadvantages, 
such as the low yield and the complexity of the products. To obtain a small quantities 
of individual fullerene always requires tedious separation by HPLC.  
It is expected to overcome the disadvantages of traditional synthesis methods, by 
designing and synthesizing the target molecules and transforming the molecules to 
fullerenes using flash vacuum pyrolysis (FVP). Many bowl-shaped compounds and 
even the fullerene C60 have been synthesized by this method already. The report about 
the synthesis of small fullerenes by this method, however, is still scarce to the best of 
our knowledge. 
In this dissertation, the syntheses of small fullerenes by FVP are focused. 
(1) Based on the previously reported equipment of FVP in literatures, a new 
set-up was designed and built.  
(2) The compound C27H12O3 was synthesized and was expected to transform 
toward fullerene C24 in the FVP conditions. The experimental evidences showed that 
the compound C27H12O3 loses three CO groups after the FVP reaction. The mass 
spectra showed some H atoms loss as well. This result agrees well with the 















(3) Two compounds C36H30 and C36H27Cl3 were obtained and were transform to 
D6h-symmtric C36. Both the two compounds incorporate all 36 carbon atoms and 45 of 
the 54 carbon-carbon bonds of the D6h-symmtric C36. The formation of the last 9 
carbon-carbon bonds will transform them to the D6h-symmtric C36.  The LDI-MS and 
MALDI-TOF-MS confirm the transformation of the two compounds to C36H6. 
(4) Two compounds C39H24 and C39H21Cl3 were synthesized. By FVP reaction, 
the C39H21Cl3 was transformed to C39H18 and the C39H24 transformed to C39H22, 
C39H20 and C39H18. 
From these products of the FVP reactions, we can acquire all the mass spectra of 
target molecules without separation. So the pathway of organic synthesis and FVP can 
avoid the complexity of the products. However, the yield of the FVP reaction was still 
low, possibly due to the difficulties in sublimation of high-weight molecules. So 
optimization of sublimation is necessary in the next step of the work. 
 


































第一章 绪 论 
1 

























































    早在 100 多年前，人们就仔细研究了环酮单体羟醛缩合三聚合成三轮烯苯的
反应，当时研究的主要内容是从 2,3-二氢-1-茚酮到吐昔烯的转化，见图 1-1。 
O
 
图 1-1  2,3-二氢-1-茚酮到吐昔烯的羟醛缩合三聚反应 
自 Hausmann 和 Kipping 的研究以来，人们已经在各种条件下多次实现了从


























图 1-2  酸催化 2,3-二氢-1-茚酮合成吐昔烯的反应机理 
1.1.2 反应条件[12] 
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